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Abstract The linear and non-linear optical properties of
different geometrical structures of gallium arsenide (GaAs)
nanowires have been studied by employing ab initio
method. We have calculated the optical response of four
different GaAs nanowires, viz., two-atom linear wire, two-
atom zigzag wire, four-atom square wire and six-atom
hexagonal wire. We have investigated imaginary part of
the zz component of the linear dielectric tensor and second-
order susceptibility for different structures along with bulk
material. We revealed that the strongest absorption occurs
for four-atom square nanowire configuration.
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Introduction
Gallium arsenide (GaAs) semiconducting nanowires with
diameters ranging from 1 to 400 nm and length of up to
hundreds of micrometers have shown remarkable optical
properties and hence they will prove to be the versatile
building blocks for optoelectronic circuits at a nanoscale.
GaAs semiconducting nanowires also offer a unique
approach for the bottom-up assembly of electronic and
photonic devices with a potential for on-chip integration of
non-silicon-based photonic devices with silicon nanoelec-
tronics-based devices (Lieber 2001, 2003; Law et al. 2004;
Xia et al. 2003; Dekker 1999; Collins and Avouris 2000).
GaAs nanowires are also very promising candidates for the
development of a number of new nanoscale optical devices
a few to be named as nanowire-based photodetectors, sin-
gle nanowire laser, etc. (Duan et al. 2000, 2001).
The existence of the exciton has a strong influence on the
electronic properties of the semiconductor and its optical
absorption. The second-order response or non-linear prop-
erty is a two-photon process where the excited electron
absorbs another photon of the same frequency and makes a
transition to another allowed state at higher energy. When
this electron is falling back to its original state, it emits a
photon of frequency, which is twice the frequency of that of
the incident light (Srivastava et al. 2008; Srivastava and
Singh 2008; Singh and Srivastava 2013).
Electronic and optoelectronic applications demand
straight, uniformly aligned nanowires with uniform diam-
eters and excellent crystallographic, electronic and optical
properties; currently, the usefulness of GaAs nanowires in
these devices is limited due to the presence of certain
defects like crystallographic twin defects (Ihn and Song
2007), nanowire kinking (Zou et al. 2007), intrinsic doping
and surface states (Joyce et al. 2007). Imaging and optical
properties of single core–shell GaAs–AlGaAs nanowires
were studied by Hoang et al. (Titova et al. 2006). Duan
et al. (2000) synthesized and studied the optical properties
of gallium arsenide nanowires. Electronic and optical
properties of InAs/GaAs nanowires were studied by Niquet
(2006). Redliski and Peters (2008) studied the optical
properties of free-standing GaAs semiconducting nano-
wires and their dependence on the growth direction.
Growth, structural and optical properties of GaAs/AlGaAs
nanowires with and without quantum well shells were
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demonstrated by Joyce et al. (2006). GaAs nanowires for
optoelectronics were studied by Kim et al. (2006). Hoang
et al. (2009) studied the optical properties of single
wurtzite GaAs nanowires and GaAs nanowires with Ga-
AsSb inserts. Zhang et al. (2009) synthesized the GaAs
nanowires with very small diameters and studied their
optical properties with the radial quantum-confinement
effect. The study of effect of structure, surface passivation
and doping on the electronic and optical properties of GaAs
nanowires by a first principle study was done by Khare
et al. (2009).
Four different geometrical structures of GaAs nanowires
are considered and the linear and non-linear optical prop-
erties of considered structures are being presented in this
paper. The linear and non-linear spectra for considered
structures are investigated and finally the optical transition
in different energy regions is discussed. The details about
the geometrical structures have been given in our earlier
Fig. 1 Optimized structures of GaAs nanowires: a two-atom linear wire, b two-atom zigzag wire, c four-atom square wire, d six-atom hexagonal
wire
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published papers (Srivastava et al. 2008; Singh et al. 2009a,
b; Srivastava and Singh 2008, 2011; Srivastava et al. 2011).
The considered geometrical structures of GaAs nanowires
are shown in Fig. 1.
Methodology
ABINIT code (Hohonberg and Kohn 1964; Kohn and
Sham 1965) has been used for the computational work. The
ab initio DFT calculations (Martin 2009; Gonze et al.
2002) are employed within the plane-wave pseudopotential
method to investigate the linear and non-linear optical
properties of GaAs nanowires. As is evident from the
above literature that the pseudopotential method has been
very successful in exploring the structural, electronic and
optical properties of various materials (Martin 2009); in
this calculation, the generalized gradient approximation
and the exchange–correlation functional of Perdew et al.
(1996) were applied. The exchange correlation potential of
Troullier and Martins (1991) has been used and these
pseudopotentials were taken from ABINIT web page
(Gonze et al. 2002). The potentials were tested by per-
forming calculations on bulk GaAs material in which the
results were found to be consistent with the experimental
ones. All the calculations were performed in a self-con-
sistent manner. The studied structures were optimized for
Hellmann–Feynman forces as small as 10-3 eV/A˚ on each
atom and the calculations were performed with a kinetic
energy cut-off of 816.3418 eV. The wires were positioned
in a supercell of side 10.583 A˚ along the x and y directions;
the axis of the wire was taken along the z direction and the
periodic boundary conditions were applied. The Monk-
horst–Pack method with 15 k-points sampling along the
z direction was used in the integration of the Brillouin
zone; all atoms were allowed to relax without any imposed
constraint. In order to check the self-consistent calcula-
tions, we have determined the self-consistent optimized
value for the lattice parameter of bulk GaAs materials, the
magnitude of atomic relaxation depends on the plane cut-
off energy and one has to obtain the convergence with
respect to cut-off energy too.
Results and discussion
The imaginary parts of the zz component of the linear
dielectric tensor or linear susceptibility for various gallium
arsenide (GaAs) nanowires along with bulk are presented
in Fig. 2. The linear optical response of bulk is quite
smooth and the linear susceptibility gradually increases
with energy, for two-atom linear wire, it is observed that
there are two strong peaks around 4.5 and 5.8 eV with
small peaks towards higher energy side, but in the case of a
two-atom zigzag wire, strong absorption is observed with
three major peaks at 4.0, 5.5 and 6.0 eV. Beside this there
are other peaks also present. The four-atom square wire
linear spectra has strongest peak around 4.2 and 5.8 eV,
which exhibit strong absorption in such type of geometrical
configuration. The other weak absorption peaks at higher
energy region are also seen. For a six-atom hexagonal wire
cross-section, peaks occur in between 4.0 and 6.5 eV.
Thus, from linear absorption spectra of all the configu-
rations, it is predicted that the strongest absorption is
shown by four-atom square wire. In the study of electronic
properties, it can be presented that same structure having
the highest stability (Singh et al. 2009a, b), thus it can be
predicted that the same structure that has the highest sta-
bility, must also have the strongest absorption which is
evident from our investigation.
The non-linear optical spectra of different configuration
of GaAs nanowires are analyzed and various contributions
to the imaginary part of vzzz (2x, x, x) are presented in
Figs. 3, 4, 5, 6, 7.
Fig. 2 Calculated imaginary part of the zz component of the linear
dielectric tensor for different GaAs nanowires along with bulk GaAs
material
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For the bulk spectra, the total SHG susceptibility is zero
up to 3.5 eV as depicted in Fig. 3, in the high-energy region,
the SHG optical spectra are dominated by inter (2x) con-
tribution towards the positive susceptibility and intra (2x)
towards the negative region in the graph. For the two-atom
linear wire (Fig. 4), the total SHG peaks are dominant near
lower energy values, having exceptionally high suscepti-
bility with intense peaks magnitude; here, the major con-
tributions come from inter (x) transition towards positive
side and inter (2x) transitions towards the negative side. In
case of two-atom zigzag wire (Fig. 5), the complex peaks are
found intermingled with various contributions. It reveals that
major SHG spectrum occurs between 0.5 and 6 eV regions.
We find peaks from inter (2x) transition in upper part and
inter (2x) transition in lower part are obtained only two
peaks near 0.5 and 1.5 eV possesses inter (2x) transitions.
For four-atom square wire cross-section (Fig. 6), the
total SHG as well as intra (x) and intra (2x) transitions
Fig. 3 Calculated second-order
susceptibility Im [vzzz (2x, x,
x)] and different contributions
for the bulk GaAs material
Fig. 4 Calculated second-order
susceptibility Im [vzzz (2x, x,
x)] and different contributions
for the two-atom GaAs linear
wire
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have greater contribution near lower energy region in
contrast to higher energy side. The remarkable features
account that the magnitude of SHG spectra is high in this
type of configuration. In the positive SHG spectra, highest
absorption spectra come from intra (x) in the lower energy
side, whereas in the negative SHG spectra the highest
contribution comes from intra (2x) plus total transition.
Figure 7 shows spectra of six-atom hexagonal wire, the
spectra include all the transitions, i.e., inter- and intra-
contribution. Many peaks of various magnitudes in
Fig. 5 Calculated second-order
susceptibility Im [vzzz (2x, x,
x)] and different contributions
for the two-atom GaAs zigzag
wire
Fig. 6 Calculated second-order
susceptibility Im [vzzz (2x, x,
x)] and different contributions
for the four-atom GaAs square
wire
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between 0.0 and 3.0 eV region are observed, but the
magnitudes are of low value in comparison to other con-
figurations; thus, the highest absorption in the positive as
well as negative spectra occurs due to intra (x) and intra
(2x) transitions, respectively.
Conclusions
We have calculated and analyzed the linear and non-
linear optical response of four different structures of
GaAs nanowires. The aim of our analysis was to explore
the best possible configuration of GaAs nanowire to be
applied in photonic and optoelectronic devices. First, we
have analyzed the linear response of the considered
structures. The analysis of linear spectra reveals that
strongest absorption occurs for four-atom square wire. In
the stability analysis and electonic properties of GaAs
nanowire, we found that the four atom square wire has
the highest stability, thus it can be predicted that the
structure that has the highest stability, must also have the
strongest absorption. Second, we have investigated the
SHG susceptibility spectra of these structures. In SHG
spectra, we observe remarkable features for all struc-
tures. We predict that strongest absorption occurs for
four-atom square nanowire configuration. We also
revealed that the calculated peaks not only get sharper,
but also show pronounced energy shift. This is mainly
due to interband contribution to the imaginary part of the
dielectric function. All SHG spectra comprise total, inter-
and intra-band contributions. The SHG spectra are rather
complicated due to various microscopic features
observed. We have not come across any of the experi-
mental or theoretical results to compare such type of
linear and SHG optical spectra for various structures of
GaAs nanowires. The present investigation is important,
because size, shape and structure are the important cri-
teria in nano-regime which one must not ignore so far as
nanowires are concerned. Thus these types of semicon-
ductor GaAs nanowires offer many opportunities for the
assembly of nanoscale electronic and optoelectronic
devices and applicable as interconnects.
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Fig. 7 Calculated second-order
susceptibility Im [vzzz (2x, x,
x)] and different contributions
for the six-atom GaAs
hexagonal wire
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